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SECTION  1 


SUMMARY 


The  Department  of  the  Mavy»  through  the  Naval  Civil  Engineering 
Laboratory  (NCEL)  at  Port  Hueneme,  California,  has  initiated  a  program  to 
develop  prestressed  concrete  fender  piles  for  use  at  Navy  piers  in  a  wide 
range  of  fendering  applications.  This  report  completes  the  design 
portion  of  the  multiphase  testing,  analysis,  and  design  effort  [1.1]. 

Two  types  of  fender  piles  are  discussed  in  this  report;  an  energy- 
absorbing  fender  pile  for  use  with  camels  and  a  reaction  fender  pile  for 
use  with  foam-filled  fenders. 

Complete  fender  system  designs  incorporating  either  timber  or  steel  wales 
with  the  baseline  energy- absorbing  prestressed  concrete  fender  piles  are 
presented.  The  system  designs  were  developed  from  conceptual  studies 
performed  in  Phase  IV  of  this  study  [1.2]. 

Design  of  a  new  class  of  fender  pile  to  resist  the  reaction  from  foam- 
filled  fenders  is  presented.  Design  criteria  and  design  aids  were 
developed  for  a  24-in. -square  prestressed  precast  concrete  pile  with 
concrete  strengths  of  6000,  7000,  and  8000  psi.  The  design  aids  are  in 
the  form  of  easy-to-use  graphs.  A  design  example  is  also  presented. 

As  a  result  of  this  phase,  detailed  drawings  of  complete  fender  systems 
and  design  aids  for  a  new  class  of  fender  pile  are  available  to  assist  in 
procuring  precast  prestressed  concrete  fender  pile  systems  for  Navy 
facilities. 
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SECTION  2 


INTRODUCTION 


To  encourage  and  promote  the  use  of  energy-absorbing  precast  concrete 
fender  piles  it  is  necessary  to  develop  system  details  that  may  be  used 
by  engineers  to  incorporate  them  into  complete  designs.  The  systems 
oresented  herein  are  very  similar  to  those  used  at  existing  Navy 
facilities.  The  details  are  also  prepared  with  the  thought  in  mind  that 
these  fender  piles  can  be  adapted  to  existing  timber  or  steel  fender 
systems  without  significant  changes  to  existing  chock  and  wale  systems. 
The  fender  systems  are  discussed  in  Section  3. 

The  concrete  reaction  fender  piles  serve  to  transfer  the  reactions  from  a 
foam-filled  fender  into  the  pier  or  wharf  and  harbor  bottom.  Energy 
absorption  of  a  foam-filled  fender  is  sufficient  in  itself.  Energy 
absorption  by  the  concrete  piles  adds  to  the  system  overload  capacity. 

In  an  effort  to  minimize  costs  yet  provide  the  necessary  performance  and 
durability  requirements  established  in  previous  phases  and  to  make  more 
efficient  use  of  the  prestressed  concrete  piles  as  reaction  piles,  the 
design  criteria  developed  in  previous  phases  were  reevaluated.  The 
reaction  fender  piles  selected  are  discussed  in  Section  4. 


SECTION  3 


FENDER  SYSTEMS  DESIGN  AND  DETAILING 


The  two  fender  system  designs  presented  in  this  report  employ  the  proto¬ 
type  energy-absorbing  concrete  fender  pile  that  was  developed  in  previous 
phases  of  the  study.  The  standard  pile  is  18  in.  square  and  is 
prestressed  with  twenty  1/2-in. -diameter  strands  in  a  rectangular 
pattern.  Depending  on  the  site-specific  conditions  and  the  required 
system  energy,  a  different  size  pile  could  be  used.  For  more  specific 
information  on  the  pile  design  itself,  refer  to  Phase  III  of  this  study 
[3.1]. 

The  drawings  for  the  fender  pile  systems  are  contained  in  Appendix  A. 

Two  schemes  are  presented:  Alternate  1  uses  timber  wales  and  Alternate  2 
incorporates  a  stee''  W-section  wale.  The  timber  wale  system  will  be  less 
expensive  initially  than  the  steel  wale  and  long-term  maintenance  for  the 
timber  wale  will  be  less. 

The  assumptions  used  in  developing  the  fender  system  alternates  are 

■  The  berthing  energy  of  the  ship  is  absorbed  entirely  by  the  concrete 
fender  pile. 

■  The  fender  pile  is  contacted  by  the  ship  only  at  the  water  line  and 
not  at  the  top  of  the  pile.  This  requires  either  a  log  camel  or  some 
other  type  of  floating  separator  between  the  ship  and  the  pile.  (A 
partial  detail  is  provided  for  use  when  this  assumption  is  not  met.) 

■  The  system  details  are  developed  for  new  facility  construction  but  can 
be  easily  adapted  to  existing  facilities. 

The  system  elements  common  to  both  alternates  are  listed  below: 
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■  Timber  chocks 

■  No  rub  strip  on  the  pile  face 

■  Pile  spacing  -  8  ft 

Following  is  a  discussion  of  critical  components  of  the  system  and  their 
purpose: 

The  fender  system  is  designed  so  that  the  fender  piles  absorb  all  the 
berthing  energy;  therefore,  rubber  fenders  behind  the  piles  at  the  deck 
level  are  not  required.  Rubber  fenders  are  needed  when  the  pile  acts  as 
a  "reaction  pile"  and  transfers  the  berthing  force  up  to  the  pile  top  and 
into  the  rubber  fender,  which  in  turn  absorbs  the  energy.  Rubber  fenders 
would  also  be  required  if  a  camel  or  separator  were  not  used  to  berth  a 
ship,  and  the  ship  contacted  the  pile  top  directly. 

In  the  case  where  the  fender  pile  absorbs  the  energy  and  the  rubber 
fender  is  omitted,  the  fender  system  (i.e.,  wale  and  chock)  can  be 
supported  directly  off  the  pier  rather  than  off  the  fender  piles.  The 
fender  pile  Is  then  held  against  the  chock  and  wale  with  a  restraining 
strap.  The  advantage  of  this  system  is  that  if  some  piles  are  broken, 
the  remaining  fender  system  has  not  lost  its  vertical  support. 

The  pile  is  held  against  the  wale  using  a  steel  strap  that  projects 
slightly  beyond  the  face  of  the  pile.  Should  a  vessel  berth  directly 
against  the  top  of  the  pile,  consideration  should  be  given  to  protecting 
the  vessel  and  strap.  There  also  would  be  no  energy  absorption  possible 
in  the  system.  This  emphasizes  the  need  for  a  camel  or  separator.  It 
may  be  advantageous  to  project  the  chock  beyond  the  face  of  the  pile  to 
prevent  ship  contact  with  the  steel  strap,  which  could  damage  both  the 
ship  paint  and  strap  around  the  pile. 

A  method  of  attaching  the  wale  to  the  pier  is  presented  in  the  drawings. 

A  T-bolt  insert  is  cast  in  the  face  of  the  concrete  pier.  The  1-in.- 
diameter  T-bolt  can  then  be  installed  and  rotated  90  degrees  and  locked 
in  place.  The  holes  for  both  the  blocking  and  the  wale  should  be  drilled 
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based  on  the  as-built  location  of  the  T-bolts.  Other  options  for 
attaching  the  wale  to  the  pier  include  screw  anchors,  coil  bolts,  and 
drill  and  epoxy  bolts  in  the  pier  face.  Anchor  bolts  could  also  be  cast 
in  the  pile  cap  or  bullrail  with  the  ends  projecting  out.  This  may  not 
be  as  desirable  because  it  requires  holes  to  be  drilled  in  the  side  of 
the  formwork. 

The  T-bolt  or  other  connector  that  supports  the  wales  must  be  properly 
tightened.  The  longitudinal  forces  that  may  be  imparted  to  the  fender 
system  due  to  berthing  must  be  resisted  by  both  friction  between  the  wale 
and  blocking,  and  the  blocking  and  pier.  The  component  of  longitudinal 
force  normal  to  the  pier  increases  the  friction  resistance  of  the  fender 
system.  The  shear  capacity  of  the  bolt  alone  is  small  due  to  the  fact 
that  the  blocking  behind  the  wale  may  allow  bending  in  the  bolt  if  the 
friction  force  is  overcome. 

The  purposes  of  the  blocking  between  the  pier  and  the  wale  is  to  provide 
a  means  to  adjust  for  irregularities  in  the  bullrail.  This  offset  also 
provides  access  to  the  bolts  that  connect  the  chock  and  wale  together  and 
the  wale  splices.  The  blocking  could  be  either  solid  rubber  or  timber. 

Another  possible  option  is  to  omit  the  wale  and  attach  the  chock  and  pile 
and  blocking  directly  to  the  pier  face  with  through  bolts  and  screw 
anchors.  This  option  is  less  desirable  than  methods  previously  described 
because  field  drilling  of  the  precast  prestressed  concrete  pile  may  be 
required  in  order  to  line  up  with  the  screw  anchors. 

If  rubber  fenders  are  used  between  the  wale  and  the  pier,  the  wale  is 
usually  designed  to  distribute  the  reaction  from  the  pile  top  into 
several  rubber  fenders.  When  a  solid  block  is  used  behind  the  wale  in 
place  of  the  rubber  fender,  there  is  no  distribution  of  force.  In  this 
case  the  wale  and  blocking  provide  a  standoff  between  the  pier  and  pile. 
The  minimum  standoff  might  be  controlled  by  the  ability  of  the  pile 
driving  equipment  to  drive  close  to  the  pier.  There  might  also  be  a 
minimum  distance  required  between  the  outboard  support  pile  of  the  pier 
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structure  and  the  fender  pile.  The  timber  wale  is  shown  as  two  pieces 
rather  than  one  large  piece  but  either  option  may  be  used.  The  type  of 
timber  wale  used  will  depend  on  regional  timber  availability  and  costs. 

The  purpose  of  the  chock  is  to  restrain  the  pile  from  moving  along  the 
pier  face  and  to  keep  it  from  twisting  in  plan.  To  accomplish  this,  the 
timber  chocks  should  be  cut  for  a  tight  fit.  Because  of  their  short 
length,  the  chocks  are  to  be  one-piece  units. 

The  chock  and  wale  are  designed  to  support  personnel  walking  on  the 
fender  system.  If  it  is  necessary  to  support  additional  live  load 
(cables,  steam  lines,  etc.),  the  connection  of  the  wale  to  the  pier 
should  be  reevaluated. 

For  the  timoer  wale  alternate  system  design  with  rubber  fenders  behind 
the  head  of  each  pile,  the  fender  system  is  attached  directly  to  the 
pile.  The  pile  is  then  held  against  the  pier  by  a  chain  that  connects  to 
a  steel  hardware  unit  cast  into  the  pier.  The  most  positive  method  of 
attaching  the  chock/wale  to  the  pile  is  to  use  a  through  bolt.  The 
detail  for  the  through  bolt  requires  more  accurate  driving  tolerances 
than  the  steel  strap  does.  The  through  bolt  also  presents  more  of  a 
fabrication  problem  because  of  the  number  of  strands  in  the  pile.  In 
order  to  resist  the  longitudinal  forces,  a  set  of  horizontal  chains  is 
required  at  certain  intervals  to  transfer  the  force  from  the  wale  into 
the  pier. 
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SECTION  4 


REACTION  FENDER  PILE  DESIGN 


4.1  INTRODUCTION 

Foam-filled  fenders  are  used  extensively  in  the  Navy  for  both  absorbing 
the  energy  due  to  ship  berthing  and  as  a  standoff  between  the  ship  and 
the  pier  structure  when  the  ship  is  moored.  Currently,  there  are  many 
different  methods  of  transferring  the  reaction  of  the  foam-filled  fender 
to  the  pier  structure.  In  Phase  IV  of  this  study  [1.2],  different 
concepts  were  presented  using  a  24-in. -square  prestressed  concrete  fender 
pile  as  a  reaction  pile  behind  a  6-ft-diameter  by  12-ft-long  foam-filled 
fender.  The  purpose  of  this  section  of  the  report  is  to  develop  design 
criteria  and  design  aids  for  the  24-in. -square  pile  as  a  continuation  of 
the  previous  phase. 

The  foam-filled  fender  is  assumed  to  absorb  all  the  required  energy  from 
ship  berthing.  The  reaction  associated  with  the  berthing  energy  is 
transmitted  through  the  foam-filled  fender  either  directly  into  the 
concrete  reaction  piles,  or  into  a  bearing  panel  to  help  distribute  the 
loads  to  the  piles.  The  actual  contact  length  over  which  the  foam-filled 
fender  will  deliver  the  reaction  force  must  be  taken  into  account. 

The  pile  is  designed  as  a  "stiff"  member,  transferring  the  reaction  from 
the  foam-filled  fender  into  the  pier  and  harbor  bottom.  The  design 
includes  a  higher  level  of  prestress  force  with  fewer  strands  than  did 
the  "soft"  pile,  whose  primary  purpose  was  to  absorb  energy,  not  to 
transfer  a  reacti  i.  The  "stiff"  design  results  in  a  more  economical 
pile  to  resist  a  reaction  force  than  the  "soft"  pile  but  it  does  not  have 
the  energy  absorption  capability. 
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4.2  DESIGN  CRITERIA 


The  horizontal  force  on  the  pile  due  to  the  foam-filled  fender  reaction 
could  result  from  a  static  or  dynamic  force.  The  static  force  could  be 
from  either  wind  or  current.  The  dynamic  force  would  result  from 
berthing  the  vessel.  Regardless  of  the  origin  of  the  force,  it  must  be 
factored  to  obtain  an  ultimate  load  (versus  a  working  load)  to  be  used  in 
the  reaction  pile  design. 

The  energy  absorbed  by  the  "stiff"  pile  is  not  counted  on  in  the  design. 
For  static  loads,  energy  is  not  a  design  parameter  and  for  dynamic  loads 
the  foam-filled  fender  is  assumed  to  absorb  all  the  energy.  Therefore, 
energy  absorbed  by  the  pile  is  not  critical  but  adds  to  the  overload 
capacity. 

The  "effective"  number  of  concrete  piles  required  to  resist  the  ultimate 
reaction  force  is  not  necessarily  the  number  of  piles  that  must  be  pro¬ 
vided.  The  word  effective  is  used  because  the  designer  must  calculate 
the  actual  distribution  of  load  to  each  pile.  The  "system  design"  is 
analogous  to  a  beam  on  elastic  foundation,  which  may  result  in  some  piles 
being  more  heavily  loaded  than  others.  If  a  bearing  panel  is  required, 
the  load  distribution  also  changes.  The  pile  loaded  with  the  highest 
reaction  in  the  system  will  control  the  design.  See  the  previous  phase 
of  this  study  for  items  to  be  considered  [1.2]. 

4.3  PILE  REINFORCING  CONFIGURATION 

The  pile  is  designed  as  a  vertical  flexural  member,  not  a  compression 
column.  The  "stiff"  pile  concept  developed  in  the  previous  phase  was 
chosen  over  the  "soft"  pile  concept.  For  details  of  the  design,  refer  to 
the  previous  phase  of  this  study.  The  design  drawing  for  the  24-in. - 
square  reaction  pile  is  found  in  Appendix  A.  A  total  of  twenty-eight 
1/2-in.  strands  are  used  along  with  No.  3  confining  steel. 
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SECTION  S 


REACTION  FENDER  PILE  DESIGN  AIDS 

S.l  PURPOSE  OF  DESIGN  AIDS 

Design  aid  figures  (Figures  S.l,  5.2,  and  5.3)  are  presented  to  assist 
the  designer  in  selecting  the  number  of  "effective"  piles  required  to 
resist  the  reaction  from  a  foam-filled  fender  or  other  marine  fendering 
unit.  This  report  addresses  the  design  problem  from  the  point  of  knowing 
the  maximum  factored  force  imparted  by  the  fender  into  the  pile. 

The  issue  of  what  design  criteria  should  be  used  to  design  the  marine 
fendering  unit  is  beyond  the  scope  of  this  report,  but  must  be  dealt  with 
in  the  context  of  arriving  at  the  factored  loads.  The  derivation  of  the 
maximum  factored  force  applied  to  the  pile  due  to  wind,  current,  and  ship 
berthing  is  also  beyond  the  scope  of  this  study.  The  important  require¬ 
ment  for  designing  the  concrete  reaction  piles  is  that  the  loads  must  be 
factored  loads,  not  working  loads. 

Some  general  points  to  be  considered  are 

■  The  designer  must  calculate  the  factored  (or  ultimate)  loads  for  both 
wind  plus  current  and  berthing. 

■  If  the  maximum  factored  loads  are  close  to  the  maximum  rated  reaction 
of  the  marine  fendering  unit,  use  the  rated  reaction  for  the  reaction 
pile  design. 

■  If  a  larger  fender  than  required  by  reaction  design  is  used  to  provide 
a  standoff  between  the  ship  and  pier,  and  the  actual  factored  loads 
are  much  smaller  than  the  rated  reaction  of  the  fender,  use  the  maxi¬ 
mum  factored  load  for  the  reaction  pile  design. 
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■  Consideration  should  be  given  to  the  tolerances  allowed  by  Military 
Specifications  [5.1]  for  the  maximum  rated  reaction  when  using  the 
rated  loads. 

5.2  THEORY  AND  DEVELOPMENT 

When  using  the  design  figures  to  select  the  number  of  reaction  piles 
required,  the  design  load  must  be  considered  as  a  factored  ultimate  load 
and  not  a  service  level  load.  Military  Handbook  1025/1  [5.2]  gives 
guidelines  for  the  ultimate  load  factors  to  be  used.  Figures  5.1,  5.2, 
and  5.3  present  plots  of  the  "design  strength  load  capacity"  versus  the 
"design  span  length"  of  the  piles. 

The  pile  load  capacity  is  limited  by  the  moment  capacity  of  the  section 
for  a  given  concrete  strength  when  loaded  no  closer  than  6  ft  from  the 
support.  This  6*ft  dimension  is  based  on  the  assumption  that  the  top  of 
the  pile  extends  a  mirimum  of  1  ft  beyond  the  support.  When  the  pile  is 
loaded  closer  than  6  ft,  the  load  capacity  should  be  calculated.  Load 
capacity  will  be  limited  by  either  the  shear  capacity  of  the  section  or  a 
reduced  moment  capacity  due  to  the  strand  development  length  available. 

The  controlling  moment  capacity  in  the  pile  is  defined  as  "the  moment  at 
which  the  extreme  fiber  concrete  compressive  strain  is  equal  to 
0.0021  in. /in.  if  the  maximum  strand  stress  is  less  than  240  ksi."  Piles 
similar  to  the  reaction  piles  have  been  load  tested  and  shown  to  perform 
well  under  cyclic  loads  producing  the  above-mentioned  strain.  In  lieu  of 
taking  the  ultimate  capacity  of  the  pile  at  the  design  code  strain  limit 
of  0.003  in. /in.  and  multiplying  it  by  a  strength  reduction  factor  (^), 
we  have  chosen  the  moment  at  this  lower  strain  as  the  ultimate  factored 
capacity. 

The  moment  capacity  of  the  pile  is  constant  for  a  given  concrete 
strength,  and  does  not  depend  on  pile  length  or  load  location  for  loads 
applied  greater  than  6  ft  from  the  support.  The  corresponding  reaction 
is  a  function  of  this  moment  capacity  and  varies  with  pile  span  length 
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and  load  location.  The  corresponding  pile  reaction  into  the  pier  can  be 
calculated  by  statics  and  is  equal  to  the  shear  in  the  upper  portion  of 
the  pile.  This  reaction  should  be  used  to  check  the  strength  of  the 
existing  or  new  wharf  to  accommodate  the  fender  reaction. 

5.3  DESIGN  AID  FIGURES 

The  figures  developed  in  this  report  are  intended  for  pile  support 
lengths  varying  from  40  to  90  ft.  The  range  of  pile  load  locations 
ranges  from  6  to  25  ft  below  the  top  support.  Plotted  on  the  charts  are 
nominal  load  capacity  curves  for  particular  load  locations  versus  pile 
support  lengths.  The  three  charts  provided  are  for  concrete  strengths 
(f'^)  equal  to  8000,  7000,  and  6000  psi  and  are  used  to  calculate  the 
"effective"  number  of  piles. 

5.4  DESIGN  PROCEDURE 

The  procedure  to  select  the  number  of  effective  piles  follows: 

Step  1 

a)  Determine  the  pile  span  length,  Lg. 

b)  Determine  the  maximum  and  minimum  value  of  "a,"  which  depends  on 
where  the  reaction  from  the  foam-filled  fender  or  other  marine 
fendering  unit  will  contact  the  concrete  pile  due  to  tidal 
variations  or  other  factors  (i.e.,  the  fender  may  also  be  hung  from 
the  structure  rather  than  floating). 

c)  Choose  the  pile  concrete  strength,  f'^,  and  refer  to  the  appropriate 
figure. 
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step  2 


Oetennine  the  maximum  rated  reaction  that  results  when  the  foam-filled 
fender  is  at  60%  compression.  This  criterion  may  vary  for  other  types  of 
marine  fendering.  This  will  be  treated  as  the  ultimate  load.  Check  that 
the  factored  loads  due  to  wind,  current,  and  berthing  are  less  than  the 
foam-filled  fender  rated  reaction.  Refer  to  Section  5.1  for  further 
explanation. 

Step  3 

Knowing  the  pile  span  length,  extend  a  vertical  line  up  through  the  two 
extreme  load  locations.  Follow  the  intersection  of  the  lines  horizon¬ 
tally  and  read  the  pile  reaction  capacity. 

Step  4 

The  "effective"  number  of  reaction  piles  required  is  equal  to  the  ulti¬ 
mate  load  divided  by  the  smallest  pile  capacity  found  in  Step  3. 
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DESIGN  STRENGTH  LOAD  CAPACITY  OF  PILE 
0  Pn  (KIPS) 


40  50  60  70  80  90 

PILE  DESIGN  SPAN  LENGTH 
Le  (FT) 


DESIGN  STRENGTH  LOAD  CAPACITY  OF  PILE 
0  Pn  (KIPS) 


DESIGN  STRENGTH  LOAD  CAPACITY  OF  PILE 
0  Pn  (<IPS) 


PILE  DESIGN  SPAN  LENGTH 
Le  (FT) 


SCALE:  HORIZ 

t 

o 

1 

o 

II 

c 

VERT 

l"=20  KIPS 

NOTE:  FOR  a 
SEE  Rl 


FIGURE  5.3.  24"  SQUARE  REACTION  PILE 
WITH  f 'c  =  6000  psi 


a)  Le  *  16'  +  (+BO')  =  OS' 

b)  a  VARIE6,  RANGED)  FROM  •• 

MINIMUM  a*  15'-  5’  -  riO^ 

MAXIMUM  a  =  15'-  O’  -  1 16' 

C)  6PECIFY  TME  26  DAY  6TKENGTH  OF  THE  CONCRETE 
PILE  A6  »  6000  pel .  THEREFORE  U6E 

DE61GN  AID  FIGURE  5.1  I 
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eTEP  z 


CA.LCULATE  TWE  MAXIMUM  FACTORED  FORCE 
ON  THE  REACTION  FENOEIR  PILE  FROM 
THE  FOAM  FILLED  FENDER. 


GIVEN  :  Pu  =  'ZOO  Kips 


STEP  3  DETERMINE  THE  NOMINAL  PILE  LOAD 
CAPACITY  U6INC  FIGURE  5.1. 

a)  EXTEND  A  LINE  UP  VERTICALLY  FROM  THE  KNOWN 
SPAN  LENGTH  , 

CZZ>  Le  -  05  FEET 

b)  FIND  THE  INTERSECTION  WITH  THE  LARGER  "a" 
VALUE  DETERMINED  IN  STEP  l.b, 

CIlC>  a  *  15  FEET 

C)  EXTEND  THE  LINE  OVER  HORIZONTALLY  AND  READ 
THE  NOMINAL  PILE  LOAD  CAPACITY, 

CzC>  Pn  *  07.5  Kipe 


STEP  4 


CALCULATE  THE  NUMBER  OF  ’EFFECTIVE" 
PILES  REQUIRED.  SEE  SECTION  6  OF 
REPORT  FOR  DEFINITION. 


NUMBER  OF 

•effective  piles" 


*  N 


Pu 


'LOO 

07.5 


=  SAY  N*S  PILES 


CAUTION  :  CALCULATE  REACTION  AT  TOP  OF  PILE 

AND  CHECK  AGAINST  STRENGTH  OF  PIER 
OR  WHARF. 
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DESIGN  STRENGTH  LOAD  CAPACITY  OF  PILE 
r^^'?nMKIPS) 


FIGURE  5.1.  24"  SQUARE  REACTION  PILE 
WITH  f 'c  =  8000  psi 
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NOTATIONS 


a  Distance  from  support  at  pile  top  to  location  of  load 

application 

f'(.  Specified  compressive  strength  of  concrete 

Lg  Pile  design  span  length  calculated  from  centerlines  of 

supports 

N  Effective  number  of  piles 

Pf,  Nominal  load  capacity  of  pile 

Py  Factored  (ultimate)  force  applied  to  pile  from  reaction  of 

marine  fendering  unit 

0  Strength  reduction  factor 

P^  Design  strength  load  capacity  of  pile 
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0.2 

10.8 

0.4 

157.2 
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0.3 

13.6 

0.5 

263.6 

0.00050 

1  .3 

22.8 

1 .2 

342.1 

0.00070 

3.0 

29.6 

1  .9 

418.0 

0 . 00090 

5.6 

36.2 

2.9 

495.0 

0.00110 

9.4 

42.9 

4.0 

573 . 4 

0.00130 

14.2 

49.7 

5  *  3 

652.8 

0.00150 

20.1 

56.6 

C'  •  C' 

725.0 

0.00170 

26.4 

62.8 

7.9 

737.7 
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32.7 

.f.9  . :? 

?  .  0 
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C  73 .  O 
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80.9 

11,9 
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55.2 

83 . 6 
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59.3 

85.7 

13.2 
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PROJECT; 
DATE: 
DESIGNER: 
PROGRAM : 

DATA  FILE: 
PILE  NUMBER: 
REVISION  «: 
REMARKS: 


NCEL  FENDER  SYSTEM  STUDY  W/i24"  PILES 

6/8/88  I 

CWS 

'FENDER'  DEVELOPED  BY  ABAM  ENGR.  INC. 


B: 24STIFF.DAT  t - 

24"  SQ.  U/  RECT.  STRAND  PAT.  &|  f'c 

28  STRANDS  Ui/  8/6/0  PAT. 


9 


PILE  DIMENSIONS: 

LENGTH 

LOAD  FROM  TOP 

DEPTH 

WIDTH 

CONCRETE  DATA: 

STRENGTH  i'c 


MODULUS  E 
PRESTRESS 


STRAND  DATA; 


STRAND  TYPE 
n  STRANDS 
STRESS  -fpu 
STRESS  -fse 
MODULUS  E 


■fpc 


AREA 

AREA 

AREA 

AREA 

AREA 

AREA 


63  ft 
15  ft  =. 


24 

24 


Lki 


I  n 
i  n 


1  .224  sq. 
.918  sq . i 
0  sq  .  i  n 
0  sq  .  i  n 
.918  sq . i 
1  .224  sq . 


8  ksi 
4577  ksi 
1145  psi 

LOU  RELAXATION 
28 

270  ksi 
154  kSi 
28000  ksi 
.  i  n 
n 


n 
i  n 


DEPTH 

DEPTH 

DEPTH 

DEPTH 

DEPTH 

DEPTH 


2.75  in 

4.75  in 

6.75  in 

17.25  in 

19.25  in 

21.25  in 


MQMENT  Mn 
<k-f t> 

CURVATURE 
<  r  ad/ i n ) 

CONC  STRAIN 
(  i  n/  i  n  ) 

UPPER  STRAND 
STRESS  (ksi ) 

LOWER  STRAND 
STRESS  (ksi > 

MA  DEPTH 
(  1  n> 

234.8 

2.035E-05 

0.00050 

-148.6 

-159.4 

24.00 

374.4 

4  r**-  —  “  — 

0.00070 

-144.5 

-165.5 

17.27 

466.3 

6.57SE-05 

0.00090 

-140.9 

-174.9 

13.68 

541 .3 

9.559E-05 

0.00110 

-137.6 

-187.1 

11.51 

610.3 

1 .290E-04 

0.00130 

-134.5 

-201.4 

10.08 

676.5 

1 .654E-04 

0.00150 

-131.7 

-216.9 

9.07 

2.032E-04 

2.415E-04 

0.00170 

0.00190 

-129.1 

-126.4 

-227.9 

-235.2 

3. 36 

7 . 87 

2.803E-04 

C  0.00210  3 

-123.8 

■■cSnEMH 

7 . 4*5 

"794.2 

306.2 

815.7 

823.4 


826/8) 


3.194E-04 

3.588E-04 

3.986E-04 

4.387E-04 

4.589E-04 


0.00230 

0.00250 

0.00270 

0.00290 

0.00300 


-121.2 

-118.6 

-116.1 

-113.6 

-112.3 


■244.3 
-247.4 
■249.8 
-251 .7 
■252.6 


,2r 

.9: 


6\ 

5- 


DATA  FILE; 

B;24STIFF. 

DAT 

PILE  NUMBER; 

24-  SQ.  y/ 

RECT.  STRAND  PAT. 

n 

II 

OD 

REVISION  #; 

0 

REMARKS: 

28  STRANDS 

W/  8/6/0  PAT. 

MOMENT  Mn 

CONC  STRAIN 

ENERGY 

LOAD 

DEFLECTION 

( i  n/  i  n  ) 

(Kips) 

(in) 

234.8 

0.00050 

0.6 

20.3 

0.8 

374.4 

0.00070 

2.0 

32.5 

1  .4 

466.3 

0.00090 

3.7 

40.4 

1  .9 

S41  .3 

0.00110 

6.1 

46.9 

2.6 

610.3 

0.00130 

9.2 

52.9 

3.3 

676.5 

0.00150 

13.3 

58.6 

4.2 

725.5 

0.00170 

17.1 

62.9 

5.0 

756.8 

0.00190 

20.2 

6i^ 

5.5 

(778. A J 

Co.  00210^ 

22.8 

CStTO 

6.0 

794.2^ 

0 .00230 

257i 

•  8 

6.4 

806.2 

0.00250 

27.2 

69.9 

(6  •  8 

315.7 

0.00270 

29.0 

70.7 

7.1 

823.4 

0.00290 

30.7 

71  .4 

7.4 

826 . 8 

0  ,  OO'^OO 

31  .5 

71 .7 

7.5 

PROJECT;  NCEL  FENDER  SYSTEM  STUDY  W/:  24"  PILES 

DATE ;  6/8/88  ^  - 

DESIGNER:  CUS 

PROGRAM:  'FENDER'  DEVELOPED  BY  ABAM  ENGR .  INC. 


DATA  FILE;  B ; 24STI FF . DAT  T - 1 

PILE  NUMBER;  24"  SQ.  W/  RECT.  STRAND  PAT.  &  -f'c  *  7  ! 

REVISION  «:  0  - ^ 

REh^RKSi  28  STRANDS  U/  8/6/0  PAT. 


PILE  DIMENSIONS;  - 

LENGTH  65  -ft  »  ' 

LOAD  FROM  TOP  «l  15  ft  »  \ 

DEPTH  »  24  in 

WIDTH  »  24  in 

CONCRETE  DATA; 

STRENGTH  f'c  »  7  ksi 
MODULUS  E  -  4346  ksi 
PRESTRESS  fpc  «  1145  psi 

STRAND  DATA: 

STRAND  TYPE  *  LOW  RELAXATION 
♦»  STRANDS  =  28 

STRESS  fpu  *  270  ksi 

STRESS  fse  =  154  ksi 

MODULUS  E  »  28000  ksi 


AREA  =  1.224  sq . i n  DEPTH 
AREA  «  .918  sq.in  DEPTH 
AREA  ■  0  sq.in  DEPTH 
AREA  -  0  sq.in  DEPTH 
AREA  «  .918  sq.in  DEPTH 
AREA  »  1.224  sq.in  DEPTH 


2.75  in 

4.75  in 

6.75  in 

17.25  in 

19.25  in 

21.25  in 


MOMENT  Mn 
(k-f t) 

CURVATURE 
(rad/i n) 

CONC  STRAIN 
(  i  n/  i  n ) 

UPPER  STRAND 
STRESS  (ksi ) 

LOWER  STRAND 
STRESS  (ksi) 

NA  DEPTH 
(in) 

235.6 

2. 196E-05 

0.00053 

-148.3 

-159.7 

24.00 

356.1 

3.856E-05 

0.00070 

-144.7 

-164.7 

18.16 

449.9 

6.272E-05 

0.00090 

-141.0 

-173.5 

14.35 

525.0 

9. 135E-05 

0.00110 

-137.6 

-184.9 

12.04 

593.1 

1 .236E-04 

0.00130 

-134.5 

-198.5 

10.52 

654.5 

1 .577E-04 

0.00150 

-131.5 

-213.2 

9.51 

698.0 

1 .913E-04 

0.00170 

-128.5 

-224.1 

8.89 

727.5 

2.252E-04 

0.00190 

-125.5 

-231^ 

8.44 

2.596E-04 

C  0.00210  1 

-122.6 

C-237T0) 

8.09 

>64.3 

2.9436-04 

0.0023Cr 

-119.6 

-241  .2 

7.81 

776.6 

3.294E-04 

0.00250 

-116.7 

-244.5 

7.59 

786.5 

3.649E-04 

0.00270 

-113.9 

-247.1 

7.40 

794.7 

4.008E-04 

0.00290 

-111.0 

-249.3 

7.24 

798.3 

4. 188E-04 

0.00300 

-109.6 

-250.2 

7.16 

6 


* 

DATA  FILE; 

B;24STIFF. 

DAT 

* 

PILE  NUMBER; 

24-  SQ.  W/ 

RECT.  STRAND  PAT.  tc  f'c  =  7 

REVISION  tt; 

0 

REMARKS; 

28  STRANDS 

U)/  8/6/0  PAT. 

MOMENT  Mn 

CONC  STRAIN 

ENERGY 

LOAD 

DEFLECTION 

<K-f  t) 

< in/in) 

<k-f  t) 

(K i ps> 

(in) 

235.6 

0.00053 

0.7 

20.4 

0.8 

356.1 

0.00070 

1  .8 

30.9 

1  .3 

449.9 

0.00090 

3.4 

39.0 

1  .9 

525.0 

0.00110 

5.6 

45.5 

2.5 

593.1 

0.00130 

8.6 

51  .4 

3.2 

654.5 

0.00150 

12.2 

56.7 

4.0 

698.0 

0.00170 

15.4 

60.5 

4.7 

_727.5 

r748.5'^ 

0.00190 

C  0.00210) 

18.1 

20.4 

_C64.9j 

5.2 

5.6 

764.3 

0.00230 

22.5 

66.2 

6.0 

776.6 

C .00250 

24.4 

67.3 

6.4 

786.5 

0.00270 

26.2 

68.2 

6.7 

794.7 

0.00290 

27.8 

68.9 

7.0 

798.3 

0.00300 

28.6 

69.2 

7.1 

PROJECT:  NCEL  FENDER  SYSTEM  STUDY  W/  24“  PILES 

DATE :  6/8/88  - - 

DESIGNER:  CUS 

PROGRAM:  'FENDER'  DEVELOPED  BY  ABAM  ENGR.  INC. 


DATA  FILE: 
PILE  NUMBER: 
REVISION  It: 
REMARKS: 


B:  24STIFF.DAT 

24"  SQ.  W/  RECT.  STRAND  PAT. 
0 

28  STRANDS  W/  8/6/0  PAT. 


PILE  DIMENSIONS: 

LENGTH 

LOAD  FROM  TOP 

DEPTH 

UIDTH 

CONCRETE  DATA: 

STRENGTH  i'c 
MODULUS  E 
PRESTRESS  4pc 


STRAND  DATA: 


STR4ND  TYPE 
M  STR^DS 
STRESS  -fpu 
STRESS  -fse 
MODULUS  E 
AREA  «  1.22 
AREA  «  .918 


65  -ft  =  L 
15  =  Cl 


6  Rsi 
4098  ksi 
1145  psi 

LOW  RELAXATl 
28 

270  ksi 
154  ksi 
28000  ksi 


AREA  «  1 .224  3q . t n 
AREA  «  .918  sq . i n 
AREA  »  0  sq . i n 
AREA  «  0  sq . i n 
AREA  *  .918  sq . i n 
AREA  s  1.224  sq . i n 


DEPTH 

DEPTH 

DEPTH 

DEPTH 

DEPTH 

DEPTH 


2.75  in 

4.75  in 

6.75  in 

17.25  in 

19.25  in 

21.25  in 


MOMENT  Mn 
<k-f  t) 


CURVATURE 
<  r*d/ i n ) 


CONC  STRAIN 
< in/in) 


UPPER  STRAND 
STRESS  <ksi ) 


LOWER  STRAND 
STRESS  (ksi ) 


NA  DEPTH 
(in) 


236.5 

2.329E-05 

0.00056 

-148.0 

-160.0 

24.00 

334.4 

3.642E-05 

0.00070 

-145.0 

-163.9 

19.22 

430.8 

5.939E-05 

0.00090 

-141.2 

-172.0 

15.16 

506.3 

8.673E-05 

0.00110 

-137.7 

-182.6 

12.68 

572.7 

1 .174E-04 

0.00130 

-134.5 

-195.3 

11.07 

622.3 

1  .479E-04 

0.00150 

-131.2 

-207.8 

10.14 

660 . 1 

1  .774E-04 

0.00170 

-127.9 

-218.7 

9.53 

^=T=IV^H 

2.070E-04 

-124.6 

-22A . 5 

9.18 

2.369E-04 

-121.3 

8.87 

0.00230 

-118.0 

-236.8 

8.61 

737.8 

2.979E-04 

0.00250 

-114.8 

-240.5 

8.39 

748.4 

3.289E-04 

0.00270 

-111.6 

-243.4 

8.21 

757.4 

3.604E-04 

0.00290 

-108.4 

-245.9 

8.05 

761  .3 

3.762E-04 

0.00300 

-106.8 

-246.9 

7.97 

* 

DATA  FILE: 

B: 24STIFF.DAT 

* 

PILE  NUMBER: 

24“  SQ.  W/  RECT.  STRAND  PAT.  i '  c  =  6 

« 

REVISION  tt: 

0 

REMARKS : 

28  STRANDS  W/  8/6/0  PAT. 

MOMENT  Mn 

CONC  STRAIN 

ENERGY 

LOAD 

DEFLECTION 

<k-f  t) 

< i n/ i n ) 

<k-f  t) 

(k i ps) 

(in) 

236.5 

0.00056 

0.7 

20.5 

0.8 

334.4 

0.00070 

1  .6 

29.0 

1  .2 

430.8 

0.00090 

3.1 

37.3 

1  .8 

506.3 

0.00110 

5.2 

43.9 

2.4 

572.7 

0.00130 

7.9 

49.6 

3.1 

622.3 

0.00150 

10.6 

53.9 

3.7 

660.1 

0.00170 

13.2 

57.2 

4.3 

688.1 

Q .00 190 

15.6 

59.6 

4.8 

Co. 00 210^ 

17.7 

5.2 

725.0 

0 .00230 

iTTS 

62.  S 

- r:6 — 

737.8 

0.00250 

21  .4 

63.9 

5.9 

748.4 

0.00270 

23.1 

64.9 

6.2 

757.4 

0.00290 

24.6 

65.6 

6.5 

761  .3 

0.00300 

25.4 

m  0 

6.7 

t 


DISTRIBUTION  LIST 


DTIC  Alexandria.  VA 
GIDEP  QIC.  Corona.  CA 

NAS  Code  110.  Adak.  AK:  PW  Engrg  (Branson).  Patuxent  River.  MD;  SCE.  Alameda.  CA 
NAVFACENGCOM  Code  03.  Alexandria.  VA.  Code  04.  Alexandria.  VA;  Code  04A3.  Alexandria.  VA;  Code 
10.  Alexandria.  VA 

NAVFACENGCOM  -  CHES  DIV.  FPO-IPL.  Washington.  DC 
NAVTACENGCOM  -  LANT  DIV.  Code  04.  Norfolk.  VA:  Ubrars.  Norfolk.  VA 

NAVFACENGCOM  -  NORTH  DIV.  Code  04.  Philadelphia.  PA;  Code  04AL,  Philadelphia.  PA.  Code  408AF. 
Philadelphhia.  PA 

NAVFACENGCOM  -  PAC  DTV.  Code  04.  Pearl  Harbor.  HI;  Librars.  Pearl  Harbor.  HI 
NAVFACENGCOM  •  SOUTH  DI%  Code  01.  Charleston.  SC;  Librars.  Charleston.  SC 

NA\TACENGC0M  -  WEST  DIV.  Code  04.  San  Bruno.  CA;  Code  111.  San  Bruno.  CA,  Code  402.  San  Bruno 
CA;  Code  04A2.2  (Lib).  San  Bruno.  CA 
NAVTHIB.ASE  Code  432  (Turner).  Norfolk.  VA 

NAVSTA  SCE.  Charleston.  SC;  SCE.  Guam.  Marianas  Islands;  SCE.  Norfolk.  \  A;  SCE  Pearl  Harbor.  HI 
SCE.  San  Diego.  CA 

NA\'B.ASE  Fac  Ping  &  Proe.  San  Francisco.  CA 
NMCB  13.V  H-CO  LlE  (Engrg  Dept) 

PWC  CO.  Guam.  Manana  Islands;  CO.  Norfolk.  \'A;  CO.  Oakland.  CA.  CO.  Pearl  Harbor.  HI  Code  HH 
(Librars).  Oakland.  C.A.  Code  110.  San  Diego.  CA.  Code  12.4-C.  San  Diego.  C.A;  Code  400.  Oakland.  C.A. 
Code  420.  Great  Lakes  IL;  Code  200.  Great  Lakes.  IL;  Librars  (Code  134).  Pearl  Harbor.  HI:  Libran. 
Guam.  .Manana  Islands.  Librarv.  Norfolk.  VA;  Librarv.  Pensacola.  FL.  Librars.  Yokosuka.  Japan.  Code 
421.  Pearl  Harbor.  HI;  Tech  Librars.  Subic  Bas.  RP 
FLORIDA  INST  OF  TECH  G  Swam.'  Melbourne'.  FL 
SEATTLE  UNIVERSITY'  CE  Dept  (Schwaegleri.  Seattle.  Wa 
TEXAS  .A&M  UNIN'ERSITY  CE  Dept  (Machemehl).  College  Station.  TX 
ALVIN  ZANE  &  ASSOC.  f.NC  Honolulu,  HI 
COLLINS  ENGRG.  INC  M  Garlich.  Chicago.  IL 
CURTIS  ENGRG  CORP  DH  Curtis.  National  Cits.  CA 
GEOTECHNICAL  ENGRS.  INC  Murdock.  Wmchesier.  .MA 
INTL  MARITIME,  INC  D  Walsh.  San  Pedro.  C.A 
LEO  A  DALY  CO  Honolulu.  HI 
MC  CLELLAND  ENGRS.  INC  Librars.  Houston.  TX 
MOFF.ATT  &  NICHOL  ENGRS  WS  Shipple.  Long  Beach.  CA 
PACinC  MARINE  TECH  (M  Waeneri  Duvall.  WA 
PRESNELL  ASSOC.  INC  DG  Presnell.  Jr.  Louisville  KY 
STAN'S  Rand  Gnzmala.  Ogden.  LT 


